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ABSTRACT 

A numerical method and its machine program for calculating nonlinear viscoe- 

lastic wave propagation in soils are described.  Solutions give particle velocity, 

stress and strain as functions of time and distance from the stress source. 
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TABLE OF SYMBOLS 

Superscript 

Suh: ci'ipts 

■man 

ith iteration. 

index identifying the negative wave path characteristics (maximum 

value M)„ 

index identifying the positive wave path characteristics (maximum 

value N). 

initial state. 

a,b coefficients in the viscoelastic law (Equation II-U), 

F Young's modulus. 

f (€)., .^.(cr)      functions in the law defining the static stress - strain curve of 

a material (Equations II-5 and II-3). 

| \*(o)  - f(c) 

H,K parameters in the static stress-strain law. 

m integer identifying the negative wave path characteristics. 

n integer identifying the positive wave path characteristics. 

R,S static constants of a material. 

t time. 

At time increment. 

v material velocity. 

7. Lagrangian distance. 



Greek 

a 

TABLE OF SYMBOLS (Cont'd) 

parameters in the static stress-strain law (Equation II-5). 

& criterion for convergence. 

£ strain. 

p density of material. 

a stress. 

a initial stress, 
o 
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I.  INTRODUCTION 

This report is primarily a reference to the BRLESC (Ballistic Research Lab- 

atories' Electronic Scientific Computer) computational procedure used at the Bal- 

listic Research Laboratories to solve a system of nonlinear differential equations 

describing the viscoelastic propagation of stress waves in soils. 

Studies of this nature have been pursued in the past.  Seismic forces and 

their associated motion have been measured under known conditions to check theo- 
12 3* 

retical development ' '  . Simulation techniques have been used for the longer 

duration pulses produced by nuclear explosions. Measurements in the free field 

have shown that more consideration should be given to the phenomena occurring 

after the first stress peak.  In order to evaluate theory on the diffraction of 

stress waves around an enclosure, a simple structure has been buried in a soil 

filled shock tube.  The techniques are being improved for measurements of the 

required parameters associated with stress propagation. 

When a nuclear device is detonated in air near the ground, a large area of 

the ground under the point of detonation is loaded nearly simultaneously. Under 

such loading, a uniform or horizontally layered half space would experience motion 

nearly perpendicular to the surface.  Plane wave theory can be used to predict 

with sufficient accuracy the ground parameters near the surface which is close to 

the point under the detonation. 

Since in the high stress region, we cannot use available linear elastic theory, 
4 5 6 

nonlinear stress-strain assumptions must be made. Mercado "'    assumed a nonlinear 

viscoelastic theory (time dependent) which has been shown to be present under some 

extreme conditions.  The quantitative importance of time dependency has not yet 

been established for the phenomena of interest here, and this effect may not be of 

major concern for many materials. 

This work is a theoretical phase of the contract on propagation of under- 

ground shock waves contracted to Rensselaer Polytechnic Institute by the Terminal 

Ballistic Laboratory at Ballistic Research Laboratories. 

Information obtained from such stress-wave studies are required for free field 

predictions and will be useful in the development of techniques for destroying or 

protecting underground structures from nuclear blast. 

* 
Superscript numbers denote references listed at the end of this report. 



II.  THEORY 

k  5 6 
The theory discussed here is that of Mercado '   '    which is based on Malvern's 
7 Pi 

theory '    for stress propagation in strain-rate sensitive materials. 

An analytical representation of the stress-strain curve is obtained by fitting 

an empirical formula suggested by Osgood of the form (Reference h,  Equation 2) 

(II-D e = | + R(|)S 

to the static data.  In the above equation e = strain, a = stress, E = Young's 

modulus and R and S are static constants of a material. With this law, the basic 

constitutive equation defining the material (Reference k,  Equation 10) takes the 

form 

<*-*> "t - : «t ■; 
e(o) 

where t represents time, a and b are coefficients in the viscoelastic law, and we 

choose 

(II-3) «M = f + K(|)H, 

where H,K are parameters in the stress-strain law.  Mercado states that there is 

no experimental data known from which the dynamic constants a and b may be directly 

determined  .  It is known from theory that b/a > E, therefore, b/a is arbitrarily 

chosen.  The lowest order approximation to the dynamic stress-strain law is obtained 

by truncating the time-wise expansions of a  and e after the first derivative, giving 

(11-10 g(ff) + a <xt = f(e) + bet, 

where we arbitrarily choose 

ln-5) f(0 -« iig, 

a and ß being parameters in the stress-strain law. 

10 



The dynamic "behavior of materials is obtained by simultaneous solution of the 

dynamic stress-strain law and the laws for the conservation of mass and momentum. 

For a first approximation to the dynamic behavior of soils, we use the stress- 

strain law (ilA), the equation for the conservation of mass 

(II-6) e, = v , t   x' 

and the equation for conservation of momentum 

(II-T) ffx = pV 

Here x is Lagrangian distance, v is material velocity, and p is density.  Linear 

combinations of Equations II-*l, II-6 and II-7 give the following set of charac- 

teristic equations.  Along — = 0 (particle path), 

(H-8) da - — de = — 
a      a s(«r) - f(e) dt; 

-F(cx,e)dt 

and along 
dx 
dt 

— (positive cnaracteristic), 
ac 

-J  a 

and 

F = i |_g(cr) - f(e) 

(II-9) da - c dv = g(cr) - f(e) dt 

= -F(a,e)dt; 

and along -rr -    (negative characteristic), 
du   de 

(11-10) da + c dv = — 
a g(cr) - f(e) dt 

= -F(a,e)dt. 

11 



These equations are supplemented by the jump conditions for a discontinuous 

wave propagating into a stationary medium in which a = 0,   e = 0 and v = 0. By 

replacing a, e, and v respectively in (II-4), (lI-6), (lI-7) by crH(|), eH(£). and 

vH(i), where H(|) = 0 for £  < 0 and H(g) = 1 for | > 0 and ^V  = Dirac 5, we 

integrate the results with respect to i from -| to +£,  and letting | ~* 0 we obtain 

the jump relationship 

(11-11) <j = -cv = | e. 
Si 

These equations represent the conservation of mass and momentum across a disconti- 

uity moving into an undisturbed medium with the velocity 

(11-12) dx  b > dt  ac 

which is also a positive characteristic. 

III.  NUMERICAL FORMULATION 

To compute the stress, strain, and particle velocity behind the wave front, 

we integrate the conservation equations using the known values along the wave front 

and the initial and boundary values. 

The characteristic curves are used as the coordinate system to extend the 

solution into the domain of disturbance. 

Using a grid of characteristics in the t,x plane (Figure l) a, e, and v are 

evaluated at each point (m,n). 

Along the wave front (m = 0), (II-9) and (ll-ll) hold. Differentiating Equa- 

tion 11-11 with respect to t and substituting into Equation II-9> we obtain 

(ill-D Ü = 4rg(c) - fU) = 4F(C,€). dt  2a 

12 



(m-l, n-l) 

(m, n -I) 

(0,0) 

(m, n) 

(4,4) 

FIGURE 1. 
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In difference form this equation becomes (see Figure 2) 

L. 

&/ 1/2 At 

//<o, n) 

X (O.n-H) 

FIGURE 2. 

(III-2) o^n+1        o,n 

|At 

(1-1)       (I'D 
Fl a      _,,,   e      ^ J + F(o      ,   e       ) V o,n+l'     o,n+l/        x  0,^     o,ri 

or 

(HI=3) 
(i) At      Ai-1)        (i-l)\ 
o,n+l        o,n       0       \ o,n+l7    o,n+l/        v  o,n'    o,n 

With this value of a at  (o,n+l),  we have e and v from (il-ll), 

(i) a  ^ 
(111-M o,n+l b ffo,n+l' 

(in-5) 
(i) 

o,n+l 
1 ^' 

= — 0  .1.-1 • c o,n+l 

Initially. 

0,0        o'    0,0     b    o 

ind 

0,0 ■c 0o' 

H 



The set (III-3), (lll-h),   (III-5) are iterated over i at each point (o,n), 

until, for some arbitrarily small positive number 5, 

(III-6) 
Ji-1) 

< 5, 

n is then increased to some maximum value.  Thus, the m = 0 characteristic is 

obtained. 

For the m = 1 characteristic, the first point to be computed is the boundary 

point on the line x = 0.  On this line we assume some constant value a    for the 
o 

stress.  Then the general boundary point (m,m) (see Figure 3), we compute as fol- 

lows : 

(m-l, m) 

(m-l, m-l) FIGURE 3. 

The time and Lagrange distance are obtained from 

(III-7) t   = t ,   , + At, 
m,m   ir-l,m-l 

( m, m) 

(III-8) 

The stress is the specified value 

(III-9) m.m   o 

Let 

(III-IO) 

(III-11) 

+ e 
(o) _ m-l,m-l   m-l,m 
m,m 

(o)  _ m-l,m-l   m-l,m 
2 m.m 

15 



The difference form of (lI-8) gives for the strain 

(111-12) 
_(i) _ aAt ^ o' m-l,m-ly   y o' m,m / 
-m,in   m-l, m-l   "b 2 

and the difference form of (II-9) in which da = 0  gives for the velocity 

f TTT_T3^ vv  = v -, (a - a ,  ; m,m   m-l,m  c  o   m-l,m 

A*. F(a n  ,e ,  ) +F( a  , e(i_l) At  v m-l,m'  m-l,m'   \ o'    m,m 
2c 

This process is repeated until for some i, the convergence test 

(HI-lU) 
rm,m  rm,m 

t. m«m 
< 6 

is satisfied, where 0 = e and v, and where if the denominator is zero, this con- 

vergence test is bypassed. 

With this boundary point computed, we progress up along the positive char- 

acteristic. Each point along this characteristic, say point (m,n) (see Figure k), 

we compute as follows. 
(m-l, n) 

(m-l, n-l) 

(m-l, n-l) 

(m, n) 

(m, n-l) 

FIGURE k. 
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The time and Lagrange distance are obtained from 

(lll-1'i) t   = t 
i; n   m, n 

(111-16) x   * x   n +—(%■ ' m,n   m,n-l  ac d 

Let 

+  IT 

(111-17) a(oj = "Tn-1^n -n "W1, m,n 

(III-1S) 
_(o)   n-l,n   m,n-l 
"m, n        2      ' 

(o; _ m-l^n   m,n-1 
V     — o } m,n        2 (III-19) 

The difference forms of (II-8), (II-9), and (II-IO) solved simultaneously give 

(111-20) ol L =  —l ö ' -(v- _ n - v    ) v in. ix c <n  m.n-X    iii-x.ix 

!   m,n-l  m,n-l \ m,n  m,n / At 
T" L 2 

m-l,n'  m-l,ny   \ m, n7 m,n l 

17 



(111-21) £(i) _ £      + ym,n " am-l,n-lJ 
m, n   m-l,n-l a 

f(i) ^ 

+ "1   m-l,n-l, m-l^n-l7   \ m,n'  m,n / 
B 2 ' 

(111-22) 
/ . \ av ' - a   -, ii; m,n   m,n-1 vv ' = v   _. + —* *  
m, n m, n-1       c 

+ At   m,n-l
7 m,n-ly   \ m,rr m,n / 

This process is repeated for each i until the convergence criterion 

(111-25) 
rm,n  rm,n 

rm,n 

is satisfied for <ß - <j,   e, and v. 

IV.  ORGANIZATION OF CALCULATION AND PROGRAM 

For each m characteristic that we compute, we require values on the m-1 

characteristic; therefore, the memory size limits the number of points that can be 

computed on each characteristic.  In order not to limit the domain of computation, 

it was divided into zones. For this purpose, four codes are written, differing 

only in the input arrangements.  These four codes can be used to cover the entire 

domain (Figure 5)- 

FIGURE 5 

18 



An option provider, a choice on the number of computed points to be printed. 

On the boundaries of each code zone, however, values at all points are printed, 

.'.inee they may be the input data for subsequent zones.  Code 1 would suffice to 

complete the computation if the memory were sufficiently large to accommodate all 

the points on any given characteristic. 

AC^l 

CODE SMBOLS 

CODE KÄME DEFINITIONS 

ALPHA 

ANS 

EEE 

BEGIN 

BETA 

C 

DELT 

1 
a 

a 

Printing frequency 

(1,2,3, etc.) 

b 
a 

f4 

1. wove    J~ X Uli u 

shock at wave frc:.rt 

ß 

c 

At 

DPLTA s 
i                                            E 
i 

e (strain) 

i                                           EO E (Young's modulus) 

H II 

K K 

M m 

N n 

RHO P 

SIGMA 0 

SIGO 

T 

V 

a 
0 

t 
V 

TEOHflWALLIfliUST 
BLD     £13 

ABEEDEEN PROVING GßOUSD, M 
STEAP-TL 

X X 
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CODE   I 

NUMERICAL   RESULTS  FOR   THEORETICAL  NON- LINEAR 
VISCOELASTIC   WAVE   PROPAGATION   FOR  GROUND 
SHOCK   STUDIES. /START\ 

BLOC (EPI- EP7/3I 
(VPI- VP7/3) 
(3IGPI-SIGP7/3) 

Fl   FORM (9 -10) 1-7) 5-1 -10 1 
LAST (EPI) VPI) SIOPI ) 

START 

READ 
A) BEE) RMO) CELT)MINI 
M)K)E0>BETA)0£LT) ALPHA} 
SIGO I BEGINIANS) 

PRINT LABELII 
PRINT   BLAN 

PRINT .4 N 
S LESS TKfl*  n > 

/ESI    M,        " 
:LIN8 TNTMTI 
NKS I. I 

IS 
B*j| 

EPI, F = 0 
VPI, F=0 
SIGPI, F=0 

<JJ— 
3.3 

1 'I 

SIOPI, F. SIGO 
EPI.F: l/B X  SIGO 
VPI, F.l/C X SIOO 
PRINT-FOR MAT (FI)-(MC)NC) 

T)X) EPI,F)VPI,F) SIGPI  F) 
SET   (3.7IEX! B34I 

JZ: 31        SET(5EX«BB.II 

Z" ANS 
B= 9EE»A 
SET(F.O) 
C= SORTI/lfl) 
MC = 0 
NC = 0 

T-. O 
X * O 

PRINT-FORMAT I FI)-(SIGO) 
BEGIN1ANS1B) C) 

LABEL   MNTXEV 
PRINT   2  BLANKS 

PI, F-< 

1 
A 

[z-ANS? f^-}»'2>l| 

PRINT-FORMAT (FI)-(MC)MC) 
T) X) EPI.F) VPI, F):SIG PI, F) 

2>l 

PflBIT 2 BLANKS 
SEPARATES M'S) 

II I 

B34 

INC <F=F*3 ) 

I 

INC (Fi F*3) 
NC «  NC -*■ 1 

T = T»DELT/2 
«B e X 
X' XB ^ORTIB/RHOI 

(DELT/2) 

|»iaPUF-3)= o> I »j ° • P 

NO 
3 41 

G = SIG PI, [F-3 1/EO 

K» EKP(H« LOG 

(SISPI,(F-3I/E0I) 

FN = A(G-EPI,(F-3) 
(1+BETA »EPI,(F-311 

(I tALPHA»EPI,(F-3)) 
NC' NC +1 
SIOPI, F.SIS PI,  (F-3) 
VPI, F J- SIOPI,   F/C 
EPI, F. SIOPI,   F/B  

SET (F.01«/.       I-AM3 

NC = MC     X = 0     T=MC»D£LT 

SISI :  SIOO 

El» (EPI, Ft EP2,F)/2 

Vl = (VPI, Ft XP2. F)/2 

SET (SAM: «I» I) 

SIGMI = SIG P I, F 

3 S 

SISPS.FiO» I 

FPI = 3IGP2, F/EO * 
H»EXP(H«LO0(S»P2,F/EO)> 

Hi 
_       VESJ 

SIGO i O * -4 0 ZERO i O 

( I »BETA »EPI.F) 

1 I-t-ALPHA• EPI, FI 

G ZERO =SI60/i:0 t 

K» EXP(H4|L00(*°-)) 

IIS 

T = T + DELT/2 

X| 

X 

= x 

XB»3QRT< SSO11 
OELT 

2 

BI9 I 
T . T t OELT/2 
XB" X rr       DELTA 
X-XB *-J   RHO 2 
INC  ( F = F + 3) 
NC NC +1 

-E» 
FEF=EPI,F(l»B£TA»EPI,F)/(ltALPHA» EPI.F) 

FEFPKEP2,F<I.BETA»EP2.F)/(ltALPHA»EP;LF) 
FF = A (SZERO-IFEF) 
FFPI = A (6FPI-FEFPI) 

I 12   I 

PRINT   2 
BLANKS 

PRINT-FORMAT(FI)-(MC)NC)T)X)EPI,F|VPI,F)3I0l , F) 

•—IMCIMI 

FEI: EI(l»BETA»EI)/(ltALPHA» El)l 
FI = A (6 ZERO-FED 

13.1 

PRINT- FORMAT IFD- 
(MC)NC)T)X)EI)VI)S1SI) 

I« I 

2 

PRINT  2   BLANK»)- STARJ> 

16 3 

JSETIGAM-B2I l) 

^A 154 TESf    15 J 

^- 135 

E 

EMI - El 
VMI ■ VI 

E|.EPI,F + 0€LT(IFF+FI>/(Z»B) 
VI.VPI, <Ft>3)-|si80-3WF1,(Ft3))/C 

- (DCLTKFFIPIt FT) /( 4 « C) 

„,   EP2, F4- El 

^J. 
STOP2, F'0? 

NO 

6FPI = SIGP2, F/EO t 

K.EXP(M.LOst^^l) 

1    »" 
SIGPI,F = O? 

IF. SIOPI,  F/EO ♦ 

F.EXP(H.LOa(S^i)) 

^OIMI =0 

6IMI : srS l/EO t 

+» 

I 
, , Mtl.. 

K» EXP(H»LOO<   Eg   >) 

FEF=EPIF   <'♦«». EPI,F) 
'        '     1-ALPHA.EPI.F) 

FEFPISEPZF"*""'"'2'0 

''    (It ALPHA» EP2 ,F) 

FEIM,= E,     ""BEJA'E" 
<ltALPHA»EI) 

32 I 

FFPI . A (GFPI-FEFPI) 

FF  .  A   (OF - FEF) 

FIMI ■   A   (S1MI-FEJMI) 

SU 2 -Of 

331 332 
TES 

- 
01= SIS 2/EO   ♦ 

K»E>CP(H»LOO i^jfjri' 

S3 3                        J 
 I*   BETA •• E2 
"1 = E2    It  ALPHA. E2 

FI = A  (01-FBI 

34.1 

SIG Ml >   1318 2 
VMI   t    V2 
EMI    i    E2 r 

19 1 
EPI.F. E2 
El :   E2 
VPI, F = V2 
VI =  V2 
STOPI, F=SIG2 
3161 <   310 2 

A 

A 
<H 

SIG 2 - SIGMI 

A 
■°1 

<SH 

(310 1 t 32.P2.F)       IVI-VPI,(Ft-3) 
»I» 2 ■ j "« j 

■ DCLT,,IFIMItFU     (FFPIf Fll ■ 
I    4     « j 2 ' 

<3M2-SI9PI,F1I        DELT(FFt-FI) 
El.EPI,F 

V2-VI + 

B 2»B 
(310 Z-SMI)        OELT (FIMI t Fl) 
       C * " 4 »C 

*>!    38 Z 

«:s 

394 

SffiNLO' 

TES j      33 3 

SIS t . O' 

w 



COOE   2 

BLOC (EPI- EP7/3) 

(VPI- VP7/3) 

(SIGP -SI6P7/3 1 

Fl  FORM (9-10) 1-7) 5-1-10) 

LAST   (EPI) VPI)  SIGP1) 

START 

READ (A) BEE) RHO) DELT) M ) N) 

PRINT   LABELING PRINT BLANK 
PRINT (A) BEE) RHO) DELT) Mi N) 

PRINT    BLANK 

RE AD (HIK)EO) BETA) DELTA) ALPHA) 
PRINT LABELING     PRINT  BLANK 
PRINT (H) K) EO) BETA) OELTAIALPHA) 
PRINT  BLANK 

READ (SIGO)  BEGIN )  ANS) 

PRINT  LABELING     PRINT BLANK 

INC(F.F<-3) 

W 

 3.1 
B = BEE * A 

SET ( F=0) 

C = SORT (RHO» B) 

PRINT (SIGO) BEGIN)ANS)B)C)% 

PRINT 2   BLANKS 

PRINT LABELING 
M   N   T   X   E    V    SIGMA 

PRINT   2   BLANKS 
M=N    (COMPLETE   TRIANGLE) 

YES 

II.I 

SET (F=0)      Z- ANS 
NC = MC        X-O 
Ti MC *DELT 

SIG I  = SIGO 
El = (EPI, F»EP2,Fy2 
VlMVPI, F» VP2, FJ/2 
SET (GAM : B 19.1 

INTERIOR PTS 30.1 

SIG 2 

E2 = 

V2 = 

SIG 2 P2, F<- SIG I 

EP2 

VP2 

F*EI " 
2 

F 1-VI 
2 

READ- FORMAT (FI)-(MC)NC)T)X) EPI.F) VPI.F) SIG Pl.F) 

BI9 I 

T = T  <- DELT/2 

*B 

x = 
INC 

=  X 

x B + V RHO * 
( F= F+ 3) 

DELT 
2 

NC NC + I 

MC:    MC   +   I 
PRINT 2   BLANKS 

FEF: EPI, F( I »BETA *EP',F )/(K ALPHA« EPI.F) 

FEFPI = EP2,F(I + BF.TA»EP2,F)/(H-ALPHA«EP2,F) 

FF = A(G ZERO- FEFI 
FFPI = A (G   FPI- FEF PI) 

PRINT 

2    BLANKS 

Gl Ml = SIG l/EO + 

K»EXP<H»L0G(SIGI/EO)) 

12 I 

FE1= El ( I+BETA » El )/(!<■ ALPHA »El 

IFI    = A (G  ZERO - FED 

PRINT- FORMAT   (Fl) - 

(MONO T)X) EPI.F) VPI,F) SIG PI ,F) 

SET (GAM = B2I.I) 

EMI =  El 
VMI  = VI 
El =EPI, F + DELT ( FF + FI)/( 2 » B) 
VI = VPI, IF» 3) -C SIGO -SIG PI,(Fi-3))/C 

-   (DELT)IFFPI * FI)/(4»C) 

I - AIMS»   ■» NC = N ? 

VI =0 ? 
EPI,  F =  El 

VPI, F = VI 

VM|: 0? 

I3.2 

EMI=0? 

~r EMI 

FEF=EPI,F"*BETA'EPI'H) 

'     (l»ALPHA»EP1,F) 

FEFPI = EP2,F 

FEIMI = EI 

(l + BETA«EP2,F) 
l+ALPHA«EP2,F) 

(l*BETA«EI) 

(l*-ALPHA»EI) 

FFPI = A(GFPI-FEFPI) 
FF = A( GF- FEF) 

FIMI: A(GIMI-FEIMI) 

331 

34 I 

GI = SIG 2 / E 0 -f 

K«EXP(H«LOG(SIG2/EO)1 

S1GMI= SIG2 

VMI  =   V2 

EMI   =   E2 

33.3      t 

FEI:E2"BETA'-^- 
liALPHA« E2 

FI= A (GI-FEI) 

35 I 

SIG2 = (SIGI+S1GP2,F)-C(VI-VP1,(F»3)| 

E2 = EPI, F- 

V2 = VI   + 

■ DELTA,, (FIMIi-FT), (FFPH-FI). 
' l     4    " 2 2       ' 

(SIG2-SK>PI,FI    DELT(FF->FI) 

(S1G2-SIGI) 

2«B 

DELT(FIMI+FI) 

39 I 

EPI, F =  E2 

El   =  IE 2 

VPI ,F ■   V2 

VI  =  V2 

SIG PI , f - SIG 2 

SIG I = SIG 2 

T 
38 I  | 

VMI =0 f 

3 7. 1 

E2-EMI 

EMI 
L   DELTA 

NO 
ITERATE      35.5 

<€i 
SIG 2- SIGMI 

4   NO 

YES 

36 4 

-*■     SIGMI =0? 

YES 
1       35 3 



CODE  3 

BLOC (EPI-EP71/5 
(VPI-VP71/3 
(S1GPI-SIGP7/3) 

Fl FORM (9-10)1-7) S-HO) 
LA8T<EPI)VPI)SIGPI) 

START  

("READ(A)BEE)RHO)DELT)M)N) 
J PRINT LABELING       PRINT BLANK 
1 PRINT F0RMAT(FI)(A)BEE)RH0)DELT)M)N) 
(.PRINT  BLANK 

(READ (H)K)EO)BETA)DELTA) ALPHA) 
I PRINT LABELING        PRINT BLANK) 

^ PRINT FORMAT(FIXH)K)EO)BETA)OELT)ALPMA) 
IMPRINT   BLANK 

READ ISIGOIBEGINUNS) 
PRMT LABELING       PRINT BLANK 
PRINT-FORMAT (FI)-(SIGO) BEGIN) ANS) B)C) 
PRUT   2   BLANKS 
PRMT  LABELING  FOR   M N  ETC 
PRINT 2   BLANKS 

INCIF- F + 3) 

SET(SEX= B7.I) 

i 4.1 

INC(F = 
EPI,   F 
VPI,   F 

F+J) 
0 
0 

SIG PI , F=0 

SET(F = 0) 
READ-FORMAT (Fl)- (MC)NC)T)X) 

EPI) VPI1SIGPI) 
PRINT-FORMAT (Fl) -(MC]NC)T)X) 

EPDVPDSIGPI) 
SIG 1= SIG PI 
VI       -   VPI 
El      =   EPI 
2-        -   1 

SET (GAM =   B 19 1 

SET(3EX=BiI 

"°. 4 2  45 

3.1 
■ • BEE • A 
SET (F.3)   C=SORT(RHO»B) 
READ-FORMAT (FI)-(MC ) NO T ) X ) 

EPI,F) VPI,F1SI8PI,F) 
SET   (3 71   EX=  B 34| 
PRINT-FORMAT (FD-(MC )NCI Tl X) 

EPI.F) VPI,F)SIGPI,F) 
Z=l 

PRINT- FORMAT  (Fl) -(MONOT)XI 
EPI.F) VPI,F)SIGPI, F) 

Z-l 

i r-^-i^J^h |SIGPI,(F-J)=oH—H0' °r 

G=SK3PI, (F-3J/E0 ■► K« 
EXP(H«LOG (SIGPI ,<F-3)/E0>) 

FN=A(G-EPI,(F-3) 
(l«-BETAiETI,(F-3)) 
(l»ALPHA»EPI,(F-3l) 

NC = NC+I 
SIGPI, F>S1GPI, (F-3) 
VPI,IF . 31GPI , F/C 
EPI.F: SIOPI,   F/B 

ITERATE    AGAIN 
3 5 

SIGMI ■ SIGPI, F 

SIGPI,F-S|GMI 

NO 

3.6 

3IGMI = 0' 

YES 

3 «2 

G-SIGPI, F/EO + 
K«EXIP(H»LOG 
ISIPH F/to)) 

SIGPI, F = SIO PI,(F-3)-(DIELT/B)(A(G-£PI,F 

EPI,  F--SIGPI, F/B 

VPI, F. SIOPI,   F/C 

( l»BETA«EPI,F) + FN 

( 1+ ALPWA»EPI   ,F) 

I»I,F=O' —-Hs S> 

YES , 

T=T» DELT/Z 

XB:   X 
X.XB-SORTl-jijHSQi) 

•)N<; = M.' 1—«j J.ANS? |—JTTT 

SET (3.71 IEX.B8 I 

PRINT-FORMAT   ( Fl)-( MCI NO T)X) EPI.F) SIGPI,F ) 

1-1 

<I6.I 

PRINT   2 
BLANKS 

en 
NC=NC*I                                  j 
T « T ♦ DELT/2 

XB = x 
X.X^SQRTCJLxJBi) 

E 
MC = MC-H 

PRINT 2 BLANKS 

B 19.1 

liTt   OELT/2 

Xg ■ X 

X • >g »yB/RHO » ^tti 

INC  ( F=F*3)                   2 

NC- NC-H 

PRINT   2 BLANKS I STAR 

PRINT-FORMAT (FD- 

(MC II NC)T)X)EI)VI)S1GD 

<gl9l Er 

YES 

13 3 

Z.AN5? 

 1   v" I '  
SET (GAM = B2I.I   • ^-INC = N? 

EP2, F = E2 
VP2, F = V2 
SIGP2.F : SIG 

SIGP2.F + SBI 

VP2, F+ VI 

X 
I   SIG P2,F-0?"P^«)6F  Pl.Q 

GFPI.SIGP2, F/EO ♦ 
K»EXP(M«l-OG (3I8J?'F1 

CO    ^ 

|    6F = 0     | ■ | SIGPI, F»0' 

 1     <*> 
GFiSIGPI, IF/E0 + 

K» EXP(M»LOG (-5?fJl.F)) 
*     EO      * 

«JS YES ',   " ' , 
SIOI-0     }■ «j 6IM HO  | 

X^I 
GIMI= S1GI/E0 * 

K.EXP(H«LOG(-^- )) 

FEFPI=EP2,F 

(l+HETA « EPI.F) 
( I* ALPHA» EPI,F) 
(I» BETA»EP2,F) 

(l«-ALPHA»EP2,F) 
(I + BETA • El) 

( l+AILPHA«EI) 

FFPI AIOFPI -FEFPI) 
FF    ■ A (GF- FIEF) 
FIMI A  (GIM -FEIMI) 

 1^71       YES 
SI02 ■ 0'|  

| NO 

33.2 

-«j   01 =0 

GI=S1G2/E0< 

FE,,E2   (ll^EJAJLlii 
(I* ALPHA»E2) 

Fl < A (OI-FEI) 

SIGMI = SIG 2 
VMI . V2 
EMI ■ E2 

A\ 
391 

A 

EPI.F =  El 
El = E2 

VPI.F . V I 
VI ■ V2 

SIGPI,F =   SIG I 
SIGI = SIG 2 

YES 

A 

33.1    |v2=0?J 

VIM I : 0 T 

A «CS^ipSJEZ-O? 

»16 2-SIGMI 

YES 

334 

,.   (SI6H-SIOP2,F) C(VI-VPI,IF*»|) 

( PELT,, (FIMI «Fl)       (FFPH-F1). 
1     4    " 2 2 ' 

E2= EPI.Ff 
(3M2-3!9Pt,F)       OCLiriFF + FI) 

(3I02-3I0I) DELTIFTMI *FI) 

Al 
YES 

[GMI= Q   | 

33 3 

SIG2 -0? 

V 



START 

BLOC (EPI-EP71/3 
(VP1-VP7I/3 
<ST»PI-S[GP7/3 

Fl   FORM (9-10) 1-7) 5 -1-10) 

LAST (EPI) VPI) S1SPI) 

READ (A) BEE) RHOt DELT)M)N) 
PRMT LABELING PRINT BLANK 
PRUT (A) BEE1RH   )OELT)H)N) 
PRINT   BLANK 

■REAO(H)K)E   )BETA)DELTA)ALPHA) 
PRINT  LABELING        PRINT   BLANK 
PRINT (H)K) fO) BETA) DELTA) ALPHA) 
PRINT   BLANK 

READ (STGOBEGW) ANS) 
PRMT LABELNG        PRINT BLANK 
PRINT-FORMAT (Fi)-(SIGO) BEGIN) 

AN31B1C) 
PRMT  2   BLANKS 
PRINT   MN   LABELING 
PRINT    2   BLANKS 

B = BEE »A    C = ■/ Rho /B 

READ-FORMAT 1 Fl)- MC) NOT) X ) 

EPI,F]I VPI.F)   StGP.F) 

ro 

CODE   4 

INTERIOR  POINTS 

SET   ( F=0) 
READ- FORMAT (Fl) 

Vpl)   SISPI ) 
-IMONCITKI EPI) 

PRINT-FORMAT (Fl) 
VPI )   SIGPI) 

SIG 1 =    SIGP 1 
VI =   VPI 
El =EPI 
Z   =   1 

(MC) NOT) X) E PI) 

SET (GAM:   B 19 1 ) 

ANS - 1 

YES 

222 
NO 

MC= M? 

22 1 

MC« MC + I 

PRINT  2  BLANKS 

NO 
B2I 

M C = M    ? 

/so 1 \ 

B 19 1 

T - T + DELT/2 

xB.x 

X - «B + VB/RHO « _ysiJ- 

INC (F= F+3)                    2 

NC= NC + 

rEs2i3 
PRINT 2 BLANKS 

PRINT -FORMAT ( Fl) - (MC) NC)T)X) El) VI)  SIGI ) 

Z = I 

<£|9 

YES 
15 3 

16 3 

i! = A N S 

(NO 

SET(GAM = B2I.II 

EP2, F=E2 

VP2,  F= V2 

SIGP2, F=SIG 2 

NC= N ? 

sie::   3SJU 

E2 ■ 

V2 = 

EP2, F»EI 
2 

VP2,   IF + VI 

X 
SIGP2,F = 0 ? 

|    NO 

GFPU SIGP2,.   F/EO   + 

SIG P2  F 
K«  EXP(H«L0G< —I 

SIG PI,F = 0 ? 

GF = SIGPI,  F/EO * 
,                 (SIGPI,F),> 

K «EXP (H»LOG '      )) 

3 1.6 

SIGUO 

zn 
3IMI = 0 ? 

NO 

GIMI --  SIGI/EO 
SIGI , 

+ K • EXP (H» LOG! )) 

31.7 

FEF = EPI,F 

FEPI = EP2,F 

(I* BIETA « EPI,   F) 

<I+ALPHA« EPI, F ) 

(1+ BETA« EP2, F) 

FEIMI= El 

(1 + ALPHA» EP2.F) 

( I «■ BETA «ED 

(I« ALPHA» El] 

\ 
FFPI = A  ( GFPI - FEFPI) 

FF = A  (GF-FEF) 

FIMI = A   (61MI- FEIMI) 

j      33   I 

siG 2 rpTj— 
\   NO 

YES 

GI=SIG2/E0 + 
K«EXP(H«L0G   ( I' 1g « )) 

I 
(I- BETA •   E2) 

<l* ALPHA« E2) 

Fl   =   A ( GI- FED 

H 34 I 

SIGMI = SIG 2 
VMI =  V2 
EMI» E2 

A 
EPI, F= El 

El =  E2 

VPI, F = VI 
VI = V2 

SIGPI, F= SIGI 
SIGI = SIG2 

S  NO 
<33.l     

YIES 
.    3 5.6 

V M I = 0 * 

A 
SIG 2 -SIG Ml 

L DELTA 

T  

, _   SIGI + SIGP2, F  -C (VI-VW,(F+S)) 

.,D£LT_)(£IM^I)+( (FIFPI+F7.) 
2 

E2= EPI,Ft 
(SIG2-SIGPI.F) PELT (FF«-FT) 

t SIG2-SIGI) 
2« B 

DELT (FIMI + Fl) 

YES 

35.4 

SIGMI ■ 0 ? 

SIG 2 <0 ? 



PROGRAM FOR CODE 1 AND INPUT PARAMETERS WITH 
BOUNDARY DATA FOR A SPECIAL CASE 

Fl 

START 

-> i 

3.1 

3.2 
3.3 

B3.A 

3.Al 

3.42 
3.A3 

3.5 

3.51 
3.52 

3.6 
3.61 
3.62 
3.71 

3.91 

rr.uu        ir-ujj       bKuunu        ;>nui-l\       iiuuiti LULIt     I 

BL0C(EPl-EP7/?)VPl-VP7/3)SlGPl-SIGP7/3)? 
FORM(9-10)1-7)5-1-10)X 
LAST(EPl)VPl)SIOPl)* 

RFAD(A)BEE)RHO)ÜELT)M)N)* 
PRINT-FORMAT!Fl)- 

CONT     <    A        BEE       RHO     DELT     > 
CONT<    M N     >%   ENTER(PRINTB)* 

PRINT-F0RMATIF1 ) - ( A ) PEE ) RHO ) DEL T ) M ) N ) «ENTER ( PR IN TB ) % 
READ!H)K)EO)BET A)DELTA)ALPHA)? 
PRINT-FORMAT!F1)- 

CONT      <    H K EO        BETA    > 
CONT<DELTA      ALPHA      >$ENTER(PR INTB)% 

PRINT-FORMAT(Fl)-(H)K)EO)BETA)DELTA)ALPHA}CENTER(PRINTB)* 
READ(SIG0)BEGIN)ANS)3! 
PRINT-F0RMAT1F1)- 

CONT     < SIGO      BEGIN     ANS B C    >% 
ENTFRIPRINTBU 

B 
Z 
s 
p 
E 
P 

CONT 
CONT 

E 
I 
S 
Z 
P 
I 
I 
G 

CONT 
G 
F 
N 
V 
S 
I 
G 
G 
S 

CONT( 
E 
I 
I 
I 
P 
Z 
T 
i 

= 8EE 
= ANS 
ETIF 
RINT 
N T E R 
RINT 

< V 
NTER 
F(BE 
IGP1 
= 1* 
RINT 
NC1F 
F( SI 
= SIG 

= 0* 
N = A( 
C = NC 
Pl.F 
IGM1 
F(SI 
= SIG 
= 0% 
IGP1 
1+AL 
PltF 
F(SI 
F-A8 
F(SI 
RINT 
= 1? 
= T*D 
FSNC 

»A* J=Q%X=0% 
% 
= 0UC 
-FORM 
! PR IN 
-FORM 
< 

=SORT(RHO»B  )%MC=0*NC=0S 
AT(Fl)-(SIGO)BEGIN)ANS)B)C)X 
TB)f,  ENTER! PRINTB! Z 
AT(Fl)- 
M N T X E 

SIGMA    >% 
(PRINTB)XFNTER(PRINTB)* 
GIN)IS+G0T0(A. 11)* 
,F = SIGüT,EPl,F = SIGO/B*VPl,F=-SIGO/C% 
SET(3.71EX=B3.A)% 

-FORMAT (Fl)-( MC) NOT) X ) EP1, F ) VP1, F ) SI GPl.F)? 
= F+3)i 
GPl,(F-3) =0)GOTO( 3.A2)S 
PI, (F-3) 

/E0+K*EXP(H»L0G(SIGPl,(F-3)/E0))*G0T0(3.A3)% 

G-EP1,(F-3) (l+BETA«EPl,(F-3) )/{1+ALPHA»EP1,<F-3)))% 
+1SSIGP1,F=SIGPl,(F-3)? 
=-SIGPl,F/CXEPl,F=SIGPl,F/B? 
=SIGP1,f% 
GP1.F   = 0)G0T0(3.51U 
P1,F/E0+K*EXP(H»L0G(SIGP1,F    /EO))XGOTO(3.52)% 

,F=SIGPl,(F-3)-(DELT/8)(A(G-EP1,F<1+BETA»EP1,F)/ 
PHA*EP1,F))+FN)X 
=SIGP1,F/BSVP1,F=-SIGP1,F/C* 
GMi = 0)G0T0(3.62U 
S( (SIGPl.F-SIGMi i/SIGMKDELTA)GOTO( 3.91 )?G0T0( 3.5)? 
GP1,F=0)GOTO(3.91)SG0T0(3.5)* 
-F0RMAT(F1)-(MC)NC1T)X)EP1,F)VP1,F)SIGP1,F)% 
G0T0(,3.71EX)X 
ELT/2SXB=X*X=XB+SQRT<B/RHO)»DELT/2X 

2k 

I 
Z 
3 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1A 
15 
16 
17 
18 
19 
n r\ 

21 
22 
23 
2A 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3A 
35 
36 
37 
38 
39 
AO 
Al 
A2 
A3 
AA 
A5 
A6 
A7 
A8 
A9 
50 
51 
52 
53 
5A 



3.7 
3.64 
3.93 
4.11 
4.1 
4.13 
4.2 
4.3 
4, 14 
5.1 

87.1 

B8.1 
9.1 
11.1 

11.2 

11.3 
11.35 

11.4 
11.5 

12.1 

13.1 

13.2 
14.1 
13.3 
13.4 
15.1 
13.5 
15.2 
16.2 
15.3 
15.4 
16.1 

16.3 
B19. 1 

B21.1 
22.1 
22.2 
22.3 
21.3 
30.1 

31.1 

31.2 

IF(Z=AN 
Z = Z+1S5 
SEM3.7 
SEK5FX 
EP1,F=0 
IFJNON 
IF!Z=AN 
1-1*1% 
SETI5EX 
PRINT-F 
1 = 1% 
INC(F=F 

S)WI 
GO 

1EX = 
= B7. 
SVP1 
) WIT 
S)WI 

G 
= B8. 
ORKA 
GOTO 
+ 3) % 

THIN!.005JG0T0!3.71)? 
T0fB3.4)% 
68.1 )35GGTO< 3.71)% 
1)35 
,F=O«SIGPI,F=OS; 
HIN(.005)G0TÜ(4.14)35 
THIN( .O05)G0T0(5.D* 
GT0(D7.1)% 
i)% 
T(Fl)-JMC)NC)T)X)EPlfF)VPltF)SIGPl.F)* 
(,5EX)9! 
NC=NC+ltT=T+ÜELT/2XXB=XXX=XB+SCRT( B/RHO ) »DELT/295 

' •  L  I * 

ENTER(PR I NTB)CENTER(PRINTS)* 

MC=1* 
SFT(F = 0)*   IMC = MC*X = 03JT = MC«DELT35 
Z = ANS3J SET(GAM=B19. 1)35 
SIGl = SIGG3;El = (EPl,F+tP2,F)/2*Vl=(VPl»F+VP2tF)/2« 
IF(S1GP2,F   =0)GOTO( 11.3)95 
GFP 1 = S I GP2,F/EC+K»EXP(H»L0G( SI GP2.F/E0) )35GCTO< 11.35)35 
GFP1=035 
IF(SIG0        =0)GOTO(11.4)* 
GZERO=SIGO/EO+K»EXP(H»LOG(SIGO/EO))35GGTO(11.5)% 
QZEH0=0% 
FEF = EP1,F(1+BETA*EP1,F)/(1+ALPHA*EP1,F)35 
FEFPl=EP2,F(1+BETA*EP2,F)/!1+ALPHA#EP2,F)S 
FF = A(GZERC-FEF )% 
FFP1=A(GFP1-FEFP1)t 
FEI=61(1+BF_TA*H)/(l*ALPHA*El)S 
FI=A(GZERO-FEI )% 
EMl = Ei*VMl = VU 
E1=FP1,F+ÜELT(FF+Fl)/(2*BU 
Vi = VPlt(F*3)-ISIG0-SlGPlt(F + 3) )/C-(OELT)(FFP1+F I )/(4*C)35 
IF(EMl=O)G0TO(13.3)35 
IF-ABS( <E1-EM1)/EMKDELTA)G0T0( 1 3.4) «GOTO ( 12.1)* 
IF!E1=0)GCT0(13.4)«GOTO! 12.1)« 
IF ( VM1 = 0)G0T0( 13.5)35 
IF-ABS! ( V1-VM1)/VMKDELTA)G0T0( 15.2135G0T0! 12.1)35 
IF(V1=0)G0T0<15.2)3JG0T0( 12.1)35 
EPl,F=EUVPl,F = Vlf 
IF{NC = N)GOTO( 16.3) 35 
IF<Z=ANS)WITHIN! .005)GOTO(16.1)35 
Z=Z+135 G0T0IB19. I )% 
PRINT-FORMAT! Fl)-( MONO T)X)E1)V1)SIG1)X 
7=1*        G0T0!0sGAM3% 
SET(GAM=B21. 1 ')%      G0T0!16.1)3J 

INC!F = F+3)35NONC + 135 
T=T+DELT/2*XB = X35X=XB + SQRTiB/RHO) »DELT/235G0T0 ( 30. I)% 
IF(MC=M)WITHIN!.005)G0T0(21.3)% 
MC = MC + 13j      ENTER(PRINTB)35   ENTER ( PR INTB ) 35 
IF!MC=M) WITHIN! .005 1G0T0 (22.3) %      GOTO! 11.1)35 
ANS=L*   GOTO!11.1)* 
ENTER!PRINTB)35      ENTER ! PR INTB ) 35      GOTO ( START ) 35 
SIG2=lSIGP2,F + SIGl)/23SE2=(EP2tF+El)/235 
V2=!VP2,F + Vl)/235 
IF1SIGP2.F   = 0)G0T0(31.2)*5 
GFP1=SIGP2,F/E0+K»EXP(H*L0G!SIGP2.F/E0))«GOTO!31.3)* 
GFP1=03J 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

o 



31.3 

31.4 
31.5 

31.6 
31.7 

32. I 

33.1 

33.2 
33.3 

34.1 
35.1 

35.2 
36. 1 
35.3 
35.4 
37.1 
35.5 
35.6 
38.1 
35.7 
39.1 

2.2 

IF 
GF 
GF 
IF 
GI 
Gl 
FE 
FE 
FE 
FF 
FI 
IF 
GI 
GI 
FE 
FI 
SI 
SI 

CONT-I 
E2 
V2 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
EP 
SI 
PR 
EN 

(SIGP 
= SIGP 
= 0« 
(SIG1 
fU=SI 
M1=0« 
F = EP1 
FP1=E 
IM1 = E 
P1=A( 
M1=A( 
(SIG2 
= SIG2 
= 0* 
I=E2( 
= A(GI 
GM1 = S 
G2=(S 
DELT/ 
= EPi, 
= Vl+( 
(SIGM 
-ABS! 
(SIG2 
(EM1 = 

<E2=0 
(VM1 = 
-ABS( 
(V2 = 0 
l,F»E 
GP1.F 
INK 
TER(P 

i,F   = 0)G0T0(31.4U 
1,F/E0+K»EXP(H»L0G(SIGPltF/EO))«GOTO(31.5)* 

=0)G0T0(31.6)« 
G1/E0+K»EXP! H*LOG( S IG1/E0 J !«GQT0 ! 31. 7)35 

,F (1+BETA*EP1,F)/(1+ALPHA»EP1,F)« 
P2,F (1+BETA#EP2,F)/I 1+ALPHA*EP2,F)« 
1 ( l+BETA*El)/(1+ALPHA«E1)« 
GFP1-FEFP1)«  FF=A(GF-FEF)« 
GIM1-FEIM1J« 

=0)G0T0(33.2)S 
/E0+K»EXP(H*LOG(SIG2/E0))«GOTO(33.3)* 

1+BETA»E2)/(1+ALPHA*E2)« 
-FEI )« 
IG2«VMI=V2«EM1=E2« 
IGl+SIGP2,F)/2-C(V1-VP1,(F+3))/2 
4)<(FIMl+FI)/2*(FFPl+FI)/2)« 
F+(SIG2-SIGPl,F)/B+OELT(FF+FI)/(2»B)« 
SIG2-SIG1)/C«-DELTIFIM1 + FI )/(4«C)« 
1=0)G0T0(35.3)« 
(SIG2-S1GM1)/SIGMKDELTA)G0T0(35.4)«G0T0(33. 1)« 
= 0)GOTO!35.4)«GOTO I 33.1)« 
O)GOT0(35.5)« 
(E2-EMi)/EMi<DELTAiG0T0i35.6)«GOTOi 33.1)« 
)G0T0(35.6)«GOTO(33.1)« 
0)G0T0(35.7)« 
(V2-VMD/VMK DELT A) GOTO (39.1 )«GOTO( 3 3.1)« 
)G0TO(39.1)«GOT0(33.1)« 
2«E1=E2« VPltF=V2«Vl=V2« 
=SIG2*SIGI=SIG2«G0T0(16.2)« 

N IS       LESS      THAN       M 
RINTB)« ENTER(PRINTB)«  GOTO(START)« 
ART!« 

>« 

114 
115 
116 
117 
1 1 Q 

119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 

CASE I 10X10 DOMAIN INPUT PARAMETEKS 

A          BEE         RHO        DELT M N 
90388944 07 23896900-02 15000000-03 20000000-03 10000000 02 10000000 02 

H          K           EO         BETA DELTA ALPHA 
22200000 01 68600000 04 21400000 05 00000000 00 10000000-08 00000000 00 

SIGO       BEGIN ANS 
50000000 02-50000000 00 10000000 01 

CASE 2 3X3 ZONE INPUT PARAMETERS 

A          BEE         RHO        DELT M N 
90388944 07 23896900-02 15000000-03 20000000-03 30000000 01 30000000 01 

H          K           EO         BETA DELTA ALPHA 
22200000 01 68600000 04 21400000 05 00000000 00 10000000-08 00000000 00 

SIGO       BEGIN ANS 
50000000 02-50000000 00 10000000 01 
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PROGRAM FOR CODE 2 AND INPUT PARAMETERS WITH 
BOUNDARY DATA FOR A SPECIAL CASE 

Dono        TC_naa        r.oAiihin        cunri/        cmnrcc        rr\r\c* 1 r r\\j%_>            ii   ~UJJ          urvuvjiiu          jf iwur\          -> i *J u l. l_ J          ^ u u L. £. JL 

BL0C{EPl-EP7/3)VPl-VP7/3)SIGPl-SIGP7/3)S 2 
Fl    F0RMI9-10)1-7)5-1-10)? 3 

LAST(EP1)VP1)SIGP1)% 5 
START     READ(A)BEE)RHO)DELT)M)N)? 6 

PRINT-FORMAT«Fl}- 7 
CONT     <    A        BEE       RHO     DELT     > 8 
C0NT<    M          N     >%   ENTERIPRINTB)* 9 

PRiNT-FGRMATiFiJ-iAiBEE) RHO)DELT)M3N)xENTER(PRINTS)* 10 
READ(H)K)EO)BETA)DELTA)ALPHA)? 11 
PRINT-FORMAT(Fl)- 12 

CONT     <    H          K          EO        BETA    > 13 
C0NT<DELTA     ALPHA     >%ENTER(PRINTS)* 14 

notMT — cnoi/ATici   \_iu\i^\cn^pc:TA\npi   TA\*I   nut tvCMTCoino f MTRl? 1 ** riMin I~I   UIM-IH i   i  i   i / "  > ii »^/ Cu » DC i  ft; ULL i Hi HLriiH i«Lii I CM rl\ll» I O; 4 1 -/ 

REA0(SIG0)BEGIN)ANS)2 16 
PRINT-F0RMATIF1)- 17 

CONT     < SIGO       BEGIN     ANS          B          C            >% 18 
ENTERIPRINTBU 19 

3,1       B=BEE»A* 20 
SET(F=0)%C=SQRT(RHO»B  )% 21 
PRINT-FORMAT(Fl)-(SIGO)BEG IN)ANS)B)C)* 22 
ENTER(PRINTB)*  ENTER«. PRINTB)% 23 
PRINT-FORMAT(Fl)- 24 

CONT     <M         N         T         X         E> 25 
CONT < V        SIGMA    >% 26 

ENTER(PRINTB)SENTER(PRINTB)%  M=N2 27 
3.13 READ-F0RMAT(F1)-(MC)NC)T)X)EP1,F)VP1,F)SIGPI,F)S 28 
3.14 IF(NC=N)WITHIN(.005)GOTO(9.1)X 29 
3.15 INC(F=F+3)X            G0T0(3.13)X 30 
9.1       MC=MC+lX 31 
11.1 SET(F=0)* NC=MCSX=0XT=MC*DELT2 32 

Z=ANS? SET(GAM=B19.1)2 33 
SIGl=SIG0SEl=(EPl,F+EP2,F)/2*Vl=(VPl,F+VP2tF)/2% 34 

11.2 IF(SIGP2,F =0)G0T0(11.3J* 35 
GFP1=SIGP2,F/E0+K*EXP(H»L0G(SIGP2,F/E0)JSGOTOI11.35)% 36 

11.3 GFP1=0? 37 
11.35      IFJSIGO   =0)G0T0(ll.4)2 38 

GZER0=SIG0/E0+K«EXP(H«L0G(SIG0/E0>)XG0T0<11.5)* 39 
I 1  /           r 1 r r\ r\ r\ia / f\ 11. n        utcnu-u* HU 
11.5      FEF=EP1,F(1+BETA»EPI,F)/(1+ALPHA«EP1,F)S 41 

FEFPl=EP2tF(1+BETA»EP2,F)/(1+ALPHA»EP2,F)X 42 
FF=A(GZER0-FEF)? 43 
FFP1=A(GFP1-FEFP1)? 44 

12=1      FEI=E1!1+BETA»E1)/(1+ALPHA»E1)* 45 
FI=A(GZER0-FEI)S 46 

13.1 EM1=E1*VM1=VIS 47 
E1=EP1,F+DELT(FF+FI)/!2*B)« 48 
Vl = VPl,(F+3)-(SIG0-SIGPli(F + 3))/C-(DELT)(FFPH-FI)/<4»CU 49 

13.2 IF(EM1=0)G0T0<13.3)S 50 
14.1      IF-A8S( (E1-EM1)/EMKDELTA)G0T0(13.4)SG0T0<12.1)* 51 
13.3 IF(E1=0)G0T0(13.4)*G0T0(12.1)* 52 
13.4 IF(VM1=0)G0T0(13.5)*G0T0(15.1)* 53 
15.1      IF-ABS( (Vl-VMl)/VMKDELTA)G0T0(15.2)XG0T0( 12.1)« 54 
13.5 IF(V1 = 0)G0T0(15.2)*G0T0U2.1)X 55 
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15.2                 EPlfF=El?VPlfF=Vl? 56 
16.2 IF(NC=N)WITHlN(.005)G0T0(16.3)? 57 
15.3 IF(Z=ANS)WITHIN(.005)GOTO( 16.1)? 58 
15.4 1 = 1*1%   G0T0(B19.1)* 59 
16.1                 PRINT-FORMATIFi ) - ( MC ) NC ) T ) X ) El) V 1) S 1 Gl) I 60 

1=1%      GOTO(0,GAM)S 61 
16.3                 SET (GAM=821, 1 ! %      G0T0I16.1)? 62 
B19.1                                                                  INC(F=F + 3)?NC=N01? 63 

T=T+DELT/22XB=X*X=XB+SQRT(B/RHO)»DELT/2?G0T0{30.1)% 64 
B21.1              IF(MC=M)WITHIN(.005)GOTO(2 1.3)?   MC=MC+1?        ENTER«PRINTB)% 65 

ENTER!PRIniTB)X   IF(MC=M)WITHIN(.005)GOTO(22.3)?   GOTO(li.l)? 66 
21.3                 ENTER(PRINTB)£      ENTER ( PR INTB) ?      GOTO(START)? 67 
22.3                  ANS=1S   GOTO(ll.l)? 68 
30.1                  SIG2=(SIGP2,F+SIGl)/2*E2=<EP2,F+El)/2% 69 

v'2 = i VP2 tF + vi ) /2% 70 
31.1 IF(SIGP2,F = 0)GOTO(3W2)? 71 

GFP1=S1GP2,F/E0+K«EXP(H»L0G(SIGP2.F/EG))«GOTO(31.3)% 11 
31.2 GFP1=0? 73 
31.3 IFlSIGPl.F =0)G0T0(31.4)? 74 

GF=SIGP1,F/E0+K#EXP(H»L0G(SIGP1,F/E0))?G0T0(31.5)% 75 
31.4 GF = 0? 76 
31.5 IF(SIG1 =0)GOTO(31.6)% 77 

GIM1=SIG1/E0+K*EXP(H»L0G(SIGI/E0))XG0T0(31.7)? 78 
31.6 GIM1=0? 79 
31.7 FEF=EP1SF (i+BETA«EP1,F)/{1+ALPHA*EP1,F)% 80 

FEFP1=EP2,F I1+RETA»EP2,F)/(1+ALPHA»EP2,F)? 81 
FE1M1=E1    (l + 6ETA*Fl )/< l+ALPHA»El )? 82 

32.1                 FFP1=A(GFP1-FEFP1U      FF= A (GF-FEF) % 83 
IFil — AHJIPII- rtlnll* b H 

33.1 IFISIG2 =0)G0T0133.2)% 85 
Gl=SIG2/E0+K«EXP(H»L0G(SIG2/E0))?GOTO<3 3.3)% 86 

33.2 GI=0? 87 
33.3 FEI=E2(l+RETA»E2)/<1+ALPHA»E2)? 88 

FI=A(GI-FEI)% 89 
34.1                 SIGM1=SIG2SVM1=V2%EM1=E2$ 90 
35.1 SIG2=(SIGl+SIGP2,F)/2-C(V1-VP1,(F+3))/2 91 

C0NT-IDELT/4) ( ( F I Ml + F I ) 12 *•( FFP1 +F I ) /2 ) * 92 
E2=EPl,F+(SIG2-SIGP1,F)/B+DELT(FF+FI)/< 2»B)? 93 
V2=V1+!SIG2-SIG1)/C+DELT'FIM1*FI!/!4»C)I 94 

35.2 IF!SIGM1=0)G0T0(35.3)S 95 
36.1                 IF-ABSl(SIG2-SIGM1)/SIGMKDELTA)G0T0(35.4)?G0T0<33.1)? 96 
35.3 IF(SIG2=O)G0TO(35.4)?G0T0(33.1)? 97 
3jit                           ir icni- U I \J\J \ U \  DD m O I * ** O 

37.1                  IF-ABSI{E2-EMl)/EMl<DELTA)GOTO(35.6)?G0TO<33.1)? 99 
35.5 IF(E2=0)G0T0(35.6)?G0T0<33.1)? 100 
35.6 IF(VM1=0)G0T0(35.7)S 101 
38.1      IF—A6S(iV2-V'Mi}/V'Ml<DELTA}G0T0t39.1)?G0T0(33.i)? 102 
35.7 IF(V2=0)G0T0(39.1)?G0T0<33.1)? 103 
39.1      EP1,F=E2?E1=E2? VP1,F=V2?V1 = V2? 104 

SIGPlfF=SIG2?SIG1=SIG2?G0T0(16.2)? 105 
END GOTO(START)? 106 

CASE 1 INPUT PARAMETERS 

A BEE RHO        OELT M N 
90388944 07 23896900-02 15000000-03 20000000-03 40000000 01 70000000 01 
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H K EO BETA       DELTA       ALPHA 
22200000 01 68600000 04 21400000 05 00000000 00 10000000-08 00000000 00 

SIGO       BEGIN ANS 
50000000 02-50000000 00 10000000 01 

INPUT BOUNDARY DATA 0">J M=3 CHARACTERISTIC 

M N T X E V     SIGMA 
300000 01 300000 01 600000-03 000000 00 451328-02-383640 02 500000 02 
300000 01 400000 01 700000-03 120000 01 412734-02-359208 02 477472 02 
300000 01 500000 01 800000-03 240001 01 3 79712-02-337303 02 456285 02 
300000 01 6UO00O 01 900000-03 360001 01 351191-02-317622 02 436460 02 
300000 01 700000 01 100000-02 480002 01 326356-02-299895 02 417963 02 

CASE 2 INPUT PARAMETERS 

A          BEE         RHO        DELT M N 
90388944 07 23896900-02 15000000-03 20000000-03 80000000 01 10000000 02 

H           K            EO          BETA DELTA ALPHA 
22200000 01 68600000 04 21400000 05 00000000 00 10000000-08 00000000 00 

SIGO       BEGIN ANS 
50000000 92-50000000 00 10000000 01 

INPUT BOUNDARY DATA ON M=7 CHARACTERISTIC 

700000 01 700000 01 140000-02 000000 00 670435-02-459084 02 500000 02 
700000 01 800000 01 150000-02 120000 01 623943-02-438848 02 487296 02 
700000 01 900000 01 160000-02 240001 01 582185-02-4 19527 02 474410 02 
700000 01 ICOOOO 02 170000-02 360001 01 544555-02-401182 02 461515 02 
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PROGRAM FOR CODE 3 AND INPUT PARAMETERS WITH 
BOUNDARY DATA FOR A SPECIAL CASE 

PROB  TF-033  GROUND  SHOCK  STUOIES         CODE 3 1 
BLOC(EP1-EP7/3)VP1-VP7/3)SIGP1-SIGP7/3)« 2 

Fl    FORMO-10) 1-7)5-1-10)1 3 
LASMEP1 !VP1 1SIGP1)« 5 

START     READ(A)REE)RHO)DELT)M)NU 6 
PR1NT-F0RMAT(FI)- 7 

COMT     <    A         BEE        RHO     UELT     > 8 
CONT<    M         ij     >% ENTER(PRINTB)« 9 

PRINT-FORMAT(Fl)-(A)BEE)RHO)DELT)M)N)«ENTER(PRINTBU 10 
READ(H)K)FO)RETA)OELTA)ALPHA)" 11 
PRINT-FOkMAT(Fl)- 12 

CONT     <    H          K          EO       BETA    > 13 
CONKDELTA     ALPHA     >«ENTER (PRINTB) % 1A 

PRINT-FORMAT(Fl)-(H)K)EO)BETA)DELTA)ALPHA)«ENTER(PRINTB)« 15 
REAÜ(SIGO)BEGIN)ANS)« 16 
PRINT-FORMATtFl)- 17 

CONT     < SIGO      BEGIN     ANS     >«   ENTER(PRINTB)« 18 
PRINT-F0RMAT(F1}-«SIGO)BEGIN)ANS)SENTER«PRINTB)«ENTER(PRINTS)« 19 
PRINT-FORMATIFL)- 20 

CONT     <M         N          T          X          E> 21 
CONT < V         SIGMA    >* 22 

ENTER«PR INTB)«ENTER(PR INTB)« 23 
3.1 B=BEE«A« 2A 

SET(F=3)XC=SQRT(RH0»B )% 25 
READ-F0RMAT(F1)-(MC)NC)T)X)EPI,F)VP1,F)SIGP1 , F)* 26 
PRiNT-FORMATiFli-(MC)NC)T)X)EPltF}vPifF)SiGPl,F)« 27 
Z=l«  SET(3.71EX=B3.A)% 28 

3.2 IF(BEGIN) IS + GOTOIA. U)« 29 
B3.4       INC(F=F+3)* 30 

IF(SIGP1,(F-3) =0)GOT0«3.A2)« 31 
3.Al      G=SIGP1,(F-3) 32 

CONT           /EO*K*FXPIH#L0G(SIGPl,(F-3)/EO))«GOTO(3.A3)« 33 
3.A2      G=0« 3A 
3.A3      FN = A{G-EPl,(F-3Hl + BETA»EPL,(F-3))/(l+ALPHA»EPl,(F-3)))« 35 

NC=NC+1«SIGP1,F=SIGP1,(F-3)« 36 
VPltF=-SIGPl,F/C«EPl,F=SIGPl,F/B« 37 

3.5 SIGM1=SIGP1,F2 38 
IF(SIGP1,F =0)G0T0(3.51)« 39 
G=S1GP1,F/E0+K#EXP(H*L0G(SIGP1,F    /EO))«GOTO(3.52)« AO 

3.51 G = 0« Al 
3.52 SIGPliF=SiGPlilF-3)-(DELT/8HA(G-EPliFl H-BETA»EPltF)/ A2 

C0NT(1+ALPHA*EP1,F))+FN)« A3 
EPI,F=SIGP1,F/B«VP1,F=-SIGP1,F/C« AA 

3.6 IF(SIGMl=O)G0TO(3.62)« 45 
3.61 IF-ABS( (SIGP1,F-SIGM1)/SIGMKDELTA)G0T0(3.91)«G0T0(3.5)« A6 
3.62 IF(SIGP1,F=0)G0T013.91)«G0T0(3.5)« A7 
3.91 T=T+DELT/2«XB=X«X=XB+SQRT(B/RH0)*DFLT/2« A8 
3.92 IF(NC=N)WITH1N(.005)GOTO(3.93)« A9 
3.7 IF(Z=ANS)WITHIN<.005)GOTO(3.71)« 50 
3.6A Z=Z+1« G0T0IB3.A)« 51 
3.71                  PRINT-F0RMATIF1)-(MC)NC)T)X)EP1,F>VP1.F)SIGP1,F)« 52 

Z=l«      GOTO«,3.71EXU 53 
3.93 SET(3.71EX = B8.1)SG0T0(3.71U 5A 
t.u                    oci »DcA-m.i/* :>:> 
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4.1 

4.13 
4.2 
4.3 
4. i4 
5.1 

B7.1 

88.I 
ll-l 

B19.1 

30.1 

31.1 

31.2 
31.3 

31.4 
31.5 

31.6 
31.7 

32.1 

33.1 

33.2 
33.3 

34. I 
35.1 

35.2 
36.1 
35.4 
37.1 
35.5 
35.6 
38.1 
35.7 
35.3 
39.1 

B21.1 
22.1 
22.2 

INC(F 
EP1,F 
IFINC 
IF (Z = 
Z = 2+l 
S E T ( b 
PRINT 
1=1% 

GOTO! 
ENTER 
SET !F 
KEAO- 
PRINT 
S I G1 = 

= F + 
-nj 
— \j «> 

= N) 
ANS 
* 
EX = 
-FO 

G 

4.1 
(PR 
= 0) 
FOR 
-FO 
SIG 
AM = 

3)* 
VPI 
WIT 
)WI 

G 
P.R. 
iW\ 
OTO 

iF = G2SIGPl,F = 03: 
HIN( .0O5)G0T0(4. 14)* 
THIN(.005)GOTO(5. 1)* 
0T0<B7.1)* 
i i % 
T(F1)-(MC)NC)T)X)EP1,F)VPI,F)SIGP1,FU 
( ,5EX)2 
NIC = NC+1£T = T+DELT/2?XB = X%X = XB + SQRT(B/RH0)»DELT/2^ 

1 \% 
INTBUENTFRIPRINTB)«  GOTO(11.1)% 
% 
,MAT(F1 )-(MC)NC)T)X)EPl)VPl )SIGP1)S 
RMAT(Fl)-(MC)NC)T)X)EPl)VPl)SIGPl)* 
PI«   V1=VP1^   E1=EP1*   Z=IX 

T=T + 
SIb2 
V2= i 
IF I S 
GFP1 
GFP1 
IF(S 
GF = S 
GF = 0 
IF(S 
GIM1 
GIM1 
FEE = 
FEFP 
FEIM 
FFP1 

ÜELT/2 
=(SIGP 
v'P2,r + 
IGP2.F 
=SIGP2 
= 03 
IGPi.F 
IGPltF 
% 
IG1 
=SIGl/ 
= 0% 
EPl.F 
1=EP2, 
1 = E1 ( 
=A(GFP 

IiMC(F=F + 3UNC = NC + l* 
SXB=X%X=XB+SQRT(B/RHO)«0ELT/2S 
2.F+SIG1)/2%E2=(EP2,F+El) / 2% 
V i i /' 2 % 

= 0) GOTO (31.2 »'S 
, F/EO+K»EXP(H«LOG<SIGP2.F/E0))XGOTO(31.3)% 

=0)G0T0«31.4)S 
/E0+K»EXP(H#L0G(SIGP1,F/F0))«GOTO(31. 

=0)GOTO(31.6)* 
E0 + K»EXP(H*L0G1SIG1/E0) ) '«GOTO ( 3 1 . 7 ) % 

!i+BETA*EPl,F)/(1+ALPHA»EP I, F ) X 
F    (l+BETA»EP2,F)/<1+ALPHA«EP2tF)% 
l+BETA»El)/ll+ALPHA»El)X 
1-FEFPD*     FF=A(GF-FEF)S 
1-FEIM1U 

5)S 

IFISIG2        = U)G0T0(33.2U 
GI=SIG2/E0-t-K*EXP(H»L0G(SIG2/E0) ) SGOTO ( 3 3 . 3 ) * 
GI=0* 
FEI=E2il+BETA«E2J/ti+ALPHA»E2»X 
FI=A(GI-FHI)X 
SIC,M1 = SIG2*VM1 = V2SEM1 = E2SJ 
SIb2=(SIGl+SIGP2,F)/2-C(Vl-VPl,(F+3))/2 

CONT-lDELT/4) < (FIfU+FI)/2 + (FFPl+FI)/2U 
E2=EP1,F+(SIG2-SIGP1,F)/B+DELTIFF+FI)/(2»B)% 
V2=V1+(SIG2-SIG1)/C+DEIT(FIM1+FI)/(4«C)X 
IF(SIGM1=0)G0T0(35.3)% 
IF-ABSt(SIG2-SIGMi)/SIGMl<DELTA)G0TO(35.4)*G0TO(33.1)% 
IF{EM1=0)G0T0(35.5)X 
IF-ÄBS! (E2-EM )/EMKDELTA )G0T0 I 35.6) %G0T0« 33» l)% 
IF(E2=0)GOTO(35.6)«G0T0(3 3.l)% 
IF(VM1=0)G0T0(35.7)% 
IF-ABSI(V2-VM1)/VM1<ÜELTA)GOTO(39.1)«GOTO«33.1)* 
IF (V2 = 0) GOTO «39.1) «GOTO (33. 1)3! 
IF(SIG2=0)G0T0(35.4)£G0T0(33.1)* 
EPltF=El*        E1=E2*      VPltF=Vl*        V1=V2S 
SIGP1,F = SIG135        SIG1=SIG2S        G0T0(16.2)S 
lFJMC = M}WiTHiN(.005)G0T0«2i.3)3> 
MC=MC*1S  ENTER(PRINTB)* ENTER«PRINTB)* 
IF«MC=M)WITHIN!.00 5»GOTO(22.3)%     GOTO«11.1)1 

56 
57 

58 
59 
60 
oi 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1 • x 

72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
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22.3      ANS=1S GOTO(11.1)2 114 
21.3      ENTERIPRINTBU  ENTER ( PR I NT 6) %      GOTO { START) X 115 
16.2 IF(NC = iN)GOTOt 16.3) * 116 
15.3 IF(Z=ANS)WITHIN(.O05)GOT0(16.1)% 117 
15.A Z=Z+U G0T0(B19.1)* 118 
16.1      PIUNT-FORMAT(Fl)-(MC)NC)T)X)El)Vl)SIGm 119 

Z=1S   GOTO(OfGAM)? 120 
16.3      SET(GAM=B21.1)*  L:P2,F = E2?  VP2iF=V2*  SIGP2,F=S102% 121 

G0T0(16.1)S 122 
END GOTOISTARTU 123 

INPUT PARAMETERS 

A BEE RHO        DELT M N 
90388944 07 23896900-02 15000000-03 20000000-03 30000000 01 10000000 02 

H K EO BETA       DELTA        ALPHA 
22200000 01 68600000 04 214ÜÜÜÜÜ 05 00000000 00 10000000-08 00000000 00 

SIGO       BEGIN ANS 
50000000 02-50000000 00 10000000 01 

INPUT BOUNDARY DATA ON N=3 CHARACTERISTIC 

183368-02-220043 02 396079 02 
260629-02-275758 02 438797 02 
350227-02-330727 02 473202 02 
451328-02-383640 02 500000 02 

000000 00 300000 01 300000- -03 360001 01 
100000 01 3Ü0000 01 400U0O- 03 240001 01 
200000 01 300000 01 500000- 03 120000 01 
300000 01 3U0000 01 600000- •03 000000 00 
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PROGRAM FOR CODE 4 AND INPUT PARAMETERS WITH 
BOUNDARY DATA FÜR A SPfcCIAL CASE 

PROB  TF-033  GROUND  SHOCK  STUDIES         CODE 4 1 
RL0C(EPl-EP7/3ivPl-VP7/3)SIGPi-SiGP7/3i% 2 

Fl    F0RMI9-10) 1-7)5-1-10)* 3 
LASTIEPDVP1 JSIGP1 )% 5 

START     READ(A)BEE)RHO)DELT)M)N)* 6 
PRINT-F0Kf',AT(Fl )- 7 

uuii i                 «v             A                          Dtrc                       unu                 UCLI                 * o 
CONK           M                        N              >*   ENTER(PRINTB)* 9 

PRINT-FORMATIF1)-(A)BEE)RHO)DELT)M)N)CENTER(PRINTB)% 10 
REAO(H)K)EO)BETA)DELTA)ALPHA)* 11 
PRINT-FORMAT(FI)- 12 

CCNT     <    H         K         EO       BETA    > 13 
CONT<DELTA     ALPHA     >*ENTER{PR INTB)X 14 

PRINT-FORMAT(FL)-(H)K)EO)BETA)DELTA)ALPHA)*ENTERI PRINTB)* 15 
READ(SIG0)BEGIiJ)ANS)3! 16 
PRINT-FORVAHFl )- 17 

CONT     < SIGO      BEGIN     ANS          B          C    >* 18 
ENTER(PRINTB)*, 19 
B=BEE»A%   C=SQRT!RHü»B)* 20 
PRI NT—FORfcAT(F1)-(SIGO)BEG IN)ANS)B)C)% 21 
ENTER(PRINTB)*  ENTER(PR INTB)% 22 
PRINT-rORMATIFl)- 23 

COwT               <            M                          N                          T                          X                          E> 24 
CONT < V        SIGMA    >% 25 

ENTER!PR I NTH)*LNTER!PR INTB)% 26 
SET(F=3)^ 27 

1.1        RfcAD-FORMAT(Fl)-(MC)NC)T)X)EPl,F)VPl,F)SIGP1,F)* 28 
IF(NC=N)WITHIN!.005)GOTO(11.1)* INC(F=F+3)*  GOTO(l.l)* 29 

11.1 SET(F = 0)<; KEAU-FOf<MAT(Fl)-(MC/NC)T)X)EPl)VPl)SIGPl)* 30 
PRINT-FORMAT! Fl )-( MC) NO TJX) EPDVP1) SIGPD* SET I. GAM = B19, 1 )% 31 
SIG1=SIGP1*      V1=VP1*      El=EPl*   1=1%   G0T0IB19.1)* 32 

B19.1                                                                     INC(F=F+3)*NC=NC+1* 33 
T=I+DELT/2*XB=X*X=XB+SQRT(B/RH0)»DELT/2*G0T0(30.1)% 34 

16.2 IF!NC=N)WITHIN(.005)GOTO(16.3)* 35 
15.3 IF(2=ANS)WITHIN(.005)G0T0{16.1)% 36 
15.4 1=1+1% G0T0!tU9.1l* 37 
16.1                 PRINT-F0RMAT(F1)-(MC)NC)T)X)E1)V1)SIG1)* 38 

1=1%        G0T0(0,GAMU 39 
16.3                  SET(GAM=B21.1)*   EP2,F=E2S   VP2,F=V2*   SIGP2,F=SIG2*   G0T0U6.1)* 40 
821.1               IF(MC = M)WITHIN( .005)GO TO(21.3)* 41 
22.1 MC=MC+1?      EiMTER(PRlNTB)*   ENTER! PR INTB) * 42 
22.2 IF(MC=M)wITHlN(.005)GOTO(22.3)*      GOTO(ll.l)* 43 
22.3 ANS=1* GOTO!11. 1)* 44 
21.3 ENTERJPRINTB)* ENTER (PR I NTB) * GOTO(START)* 45 
30.1      SIG2=!SIGP2,F*SIGl)/2*E2=(EP2,F+El)/2* 46 

V2=<VP2.F+V11/2* 47 
31.1 IF!SIGP2,F =0)G0TO( 31.2)* «V8 

GFPl=SIGP2,F/EO+K»EXP(H»LOG!SIGP2»F/EO))*GOTO(31.3)* 49 
31.2 GFP1=0* 50 
31.3 IF(SiGPl,F =0)GOTO!31.4)* 51 

GF=SIGP1,F/E0+K«EXP(H»L0G(SIGP1,F/E0))*GOTO!31.5)* 52 
31.4 GF=0* 53 
31.5 IF(SIG1 =0)G0T0(31.6)* 54 

GIM1=SIG1/E0+K*EXPIH«L0G(SIG1/E0))*GOT0(31.7)* 55 
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31.6 GIM1=Ü? 56 
41.7 FEF=EP1,F (1+BRTA»EPI,F)/(1+ALPHA»EP1,F)% 57 

FEFP1 = EP2,F ( l«-BETA*EP2,F)/( 1+ALPHA»EP2,F)S 58 
FEIMI = E1    (1+RETA»E1)/( 1+ALPHA«E1)% 59 

32.1 FFP1=A(GFP1-FEFP1)2      FF=A(GF-FEF)% 60 
FIM1=A(GIM1-FEIMU 61 

33.1 IFISIG2 =0)G0T0<33.2)2 62 
Gl=SIG2/EO+K*EXP(H»L0G(SIG2/E0)(SG0T0133.3)« 63 

33.2 0,1=0% 64 
33.3 FEI=E2( l+BETA»F2)/( l+ALPHA*E2)i' 65 

FI=A(GI-FEI)% 66 
34.1 SIGM1=SIG2*VM1=V2XEM1=E2% 67 
35.1 SlG2 = (SIGl + SIGP2,F)/2-C(Vl-VPl, (F + 3H/2 68 

C0NT-(DELT/4) { (FIM1+FI)/2*<FFP1+FI )/2)% 69 
E2=EP1,F + (S1G2-SIGP1,F)/B + DELT(FF + FI )/(2*B)9! 70 
V2=V1+(SIG2-SIG1)/C+OELT(FIMl+FI)/(4#C)S 71 

35.2 1F(SIGM1=0)GOTU(35.3)*GOTO(36.1)% 12 
35.3 IF(SIG2 = O)G0TO(35.4UGOT0(33.1)S 73 
35.4 IF1EK l = 0)GOTO(35.5)SG0TO(37.l)% 74 
35.5 IF(E2=O)G0T0(35.6)SG0T0<33.1)% 75 
36.1 IF-ABSI (SIG2-SIGM1 ) / S I GMKOELTA ) GOTO ( 35. 4 ) «GOTO ( 33. l)% 76 
37.1                  IF-ABSt(E2-EM1)/EMKDELTA)GOTO(35.6)*G0T0(33.1)% 77 
35.6 IF(VMl=O)G0TO(35.7)«G0T0(38.1)% 78 
35.7 IF(V2=0)G0T0(39.1)«GOTO(33. l)% 79 
38.1 IF-ABS((V2-VM1) / VM KDEL T A ) GOTO (39.1UG0T0(33.1)% 80 
D*.L                 fcPl?r=El*El=E2*VPitF=Vl*vl=v2* öl 

SIGPI,F=SIG1SSIGI=SIG2*G0T0(16.2)? 8 2 
END G0T0(START)£ 83 

INPUT PARAMETERS 

A           BEE          RHO DELT M N 
90388944 07 23896900-02 15000000-03 20000000-03 70000000 01 10000000 02 

H          K           EO BETA DELTA ALPHA 
22200000 01 68600000 04 21^00000 05 00000000 00 10000000-08 00000000 00 

SIGO       BEGIN ANS 
50000000 02-50000000 00 10000000 01 

INPUT BOUNDARY DATA ON M=3 CHARACTERISTIC 

300000 01 700000 01 100000-02 480002 01 326356-02-249895 02 417963 02 
300000 01 800000 01 110000-02 600002 01 304572-02-283882 02 400730 02 
300000 01 900000 01 120000-02 720003 01 28 5339-02-269371 02 384683 02 
3Ü0000 01 100000 02 130000-02 840003 01 2682 55-02-256182 02 369738 02 

INPUT BOUNDARY DATA ON N=7 CHARACTERISTIC 

400000 01 700000 01 110000-02 360001 01 402989-02-342221 02 444541 02 
500000 01 700000 01 120000-02 240001 01 486855-02-383498 02 467066 02 
600000 01 700000 01 130000-02 120000 01 576599-02-422768 02 485524 02 
700000 01 700000 01 140000-02 000000 00 670435-02-459084 02 500000 02 
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V.  RESULTS 

An example is computed on a grid of maximum m = maximum n 

of code 1 and by use of the set of codes 1,2, ~5,K  (Figure 6). 

10, both by use 

(0,0) (3,3) (7,7) 

FIGURE- 6 

(10, 10) 

Code 1 uses data along the wave front and boundary; code 2 uses data along 

the smallest m of its zone and along the boundary; code 3 uses wave front data and 

data along the smallest n of its zone; code k  uses data along the smallest m and 

smallest n of its zone. 
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COMPLETE 10X10 DOMAIN 

USING CODE 1. 
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PKOP  TF-033 GROUND SHOCK  STUDIES   CODE 1 

A         BEE KHO DELT          M          N 

903889 7 2 38969-02 150000-03 2000^0-03 100000  2 100000  2 

H          K EO BETA DELIA     ALPHA 

22200C 1 686000 4 214000 5 000000 100000-08 000000 

SIGO      BEGIN ANS B          C 

500000 2-500000 1OCOO0 1 216002  5 180001  I 

2 349510 2 
2 330475 2 
2 313591 2 
2 298510 2 

SIGMA 

uuuuu 000000 uuuuuu    uuuuuu 231480—U2—277777 
OÜO000 100000 1 100000-03 L20000 1 2 125 57-02-25 5070  2 450127 
000000 200000 1 200000-03 240001 1 196766-02-236121  2 425019 
000000 300000 1 300000-03 360001 1 183368-02-220043  2 396079 
000000 400000 1 400000-03 480002 1 171843-02-206212  2 371184 
W W V W ^ ^ S  \J  ^1  \J  \S \J J. .** V W V/ V/ *-'    VJ _'    W »-* ^ "^ U t. -L 4 u 1 u 1 ^    VJ t_     i.  .-  T A.  r w 

000000 600000 1 600000-03 720003 I 152996-02-183596 
000000 700000 1 7C0000-03 840003 1 145180-02-174217 
000000 800000 1 800000-03 960003 1 138198-02-1658 38 
000000 900000 1 900000-03 108000 2 131920-02-158304  2 284949  2 
000000 100000 2 100000-02 120000 2 126241-02-151490  2 272683  2 

100000 1 1C0O0O 1 200000-03 000000 310978-02-321195 
100000 1 200000 1 300000-03 120000 1 283534-02-296726 
100000 1 300000 1 400000-03 240001 1 260629-02-27 5758 
L00000 1 400000 1 500000-03 360001 1 241226-02-25 7606 
100000 1 500000 1 600000-03 480002 1 224580-02-241749 
IC0000 1 600000 1 700000-03 600002 1 210146-02-22 7784 
100000 1 700000 1 800000-03 720003 I 197511-02-215396 
100000 1 800000 1 900000-03 840003 1 1863 59-0 2-204333 
100000 1 900000 1 100000-02 960003 1 176445-02-194396 
100000 1 100000 2 110000-02 10800C 2 167574-02-18 5421  2 307944 

200000 1 200000 1 400000-03 000000 384089-02-355553  2 500000  2 
200000 1 3C0000 1 500000-03 120000 1 350227-02-330727  2 473202  2 
200000 I 400000 1 600000-03 240001 1 321642-02-308934 
200000 1 500000 1 700000-03 360001 1 297221-02-289697 
200000 I 600000 1 800000-03 480002 1 276141-02-272625 
200000 1 700000 1 900000-03 600002 1 257781-02-257395 
200000 1 P00000 1 100000-02 720003 1 241662-02-243741 
200000 1 900000 1 110000-02 840003 1 227408-02-231441  2 354595  2 
200000 1 100000 2 120000-02 960003 1 21472 3-02-220313  2 340149  2 

2 500000 2 
2 467426 2 
2 438797 2 
2 413484 2 
2 390970 2 
2 370830 2 
2 352719 2 
2 336352 2 
2 321493 2 

2 448734 2 
2 426407 2 
2 406019 2 
2 387374 2 
2 370287 2 



300000 
300000 
300000 
300000 
300000 
300000 
3 0000 0 
300000 

-+00000 
400000 
40C000 
4 00000 
4Q00CC 

5000Go 
50000C 
500000 
500000 
5 0000 0 
500000 

60CC0U 
600000 
6C0000 
öCCOOO 
600000 

70C00G 
700000 
700000 
70COGO 

3G0OO0 
400000 
500000 
6 0 0 0 0 0 
700000 
800000 
900000 
10000C 

4 0000 0  L 40 0 000 

600000 
700000 
acoooo 
900000 
100 0 0 0 

500000 
600000 
700000 
8 C 0 0 0 0 
900000 
100000 

1 6O000C 
1 7C000Ü 
1 800000 
1 900000 
1 100000 

L 7000C0 
1 ROOüOO 
1 "00000 
l 100000 

.'■CüOOO-03 
70 00 00-0 3 
H00000-0 3 
9 00000-03 
100000-02 
110000-02 
1 200 00-0 2 
130000-0 2 

rtOOOOO-03 
9 0 0C00-03 
I0ö')0ü-ü2 
1 10000-02 
120000-02 
130000-0 2 
1 /,0i!Q(!-r.7 

100000-02 
110000-02 
12 0000-02 
1 3Cn00-02 
1^0000-02 
150"OO-ü2 

00000u 
120000 
24000 1 
36000 1 
480002 
600002 
7 2 0 0 0 3 
840 00 3 

000000 
120000 
24000 1 
360001 
480002 
600002 
7 20 00 3 

000000 
120000 
2 40 00 1 
36000 1 
4R0002 
6 0C002 

1 120CQ0-02 OOCOOO 
1 130000-02 120000 
1 14 0*" 00-02 24.;0ni 
1 lüOPOO-02 360001 
2 160000-02 480002 

1 140000-02 000000 
1 IJCOOO-02 120000 
1 160HOO-02 24000 1 
2 170000-02 36000 1 

451328-02-383640 
1 412734-02-359208 
1 379712-02-337303 
1 351191-02-317622 
l 326356-02-299895 
1 304572-02-283882 
1 285339-02-269371 
1 268255-02-256182 

513165-02-407119 
1 471185-C2-3P3494 
1 434784-02-361917 
1 402989-02-342221 
1 375038-02-324235 
1 350325-02-307794 
1 328359-02-292743 

570034-02-427062 
1 525745-C2-404472 
1 486855-02-383493 
1 452512-G2-364077 
1 422033-02-346116 
1 394861-02-329516 

622336-02-444207 
1 576599-02-422768 
1 535965-02-402570 
1 499705-02-383620 
1 467227-02-365891 

670435-02-459084 
1 623943-02-438848 
1 582185-02-419527 
1 544555-02-401182 

2 500G00 2 
2 477472 2 
2 456285 2 
2 436460 2 
2 417963 2 
2 400730 2 
2 384683 2 
2 369738 2 

2 500000 2 
o 
£ 480766 2 
2 462240 2 
2 444541 2 
2 427726 2 
2 411809 2 
2 396779 2 

2 500000 2 
2 483388 2 
2 467066 2 
2 451195 2 
2 435879 2 
2 421!78 2 

2 500000 2 
2 485524 2 
2 471057 2 
2 456773 2 
2 442798 2 

2 500000 2 
2 487296 2 
2 474410 2 
2 461515 2 

800000 1 800000 1 16OO00-02 000000 
80000 0 1 900000 1 i 7 0 000-02 120000 
800000  1 100000  2 180000-02 24000 1 

714671-02-472089 
1 667977-02-453065 
1 625611-02-434677 

2 500000 2 
2 488786 2 
? 477261  2 

900O0Q  1 9C000U  1 180000-02 OOOOCO 
900000  1 100000  2 190000-02 120000 

755354-02-483527  2 50000C 
1 708^98-02-465697  2 490053 

100000  2 100C00  2 200000-02 000000 792768-02-493640  2 500000 
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COMPLETE 10X10 DOMAIN 
USING CODES 1, 2,   3, k. 
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PROB  TF-033 GKUUND SHOCK  STUDIES  CODE 2 

4        REt *H0 DELT h                        N 

903889 7 238969-02 l'jOoOO-03 200000-03 400000  1 700000  1 

H          K EG H*:TA    DELTA ALPHA 

222COC I 686000 4 21400C 5 000000    100000-08 000000 

SIGO      PEGINI AMS A C 

5CO0GO 2-500000 1C0O0O 1 216002  5 180001  1 

M N SIGMA 

400000 1 400000 1 800000-03 000000 
400000 1 500000 1 900000-03 120000 
400000 I 600000 1 100000-02 240001 
400000 1 700000 1 110000-02 360001 

513165-02-407119 
I 471185-02-383494 
1 434784-02-361917 
1 402989-02-342221 

2 500000 2 
2 480765 2 
2 462240 2 
2 444541 2 

500000 1 500000 1 100000-02 000000 
500000 1 600000 1 110000-02 120000 
500000  1 700000  1 120000-02 240001 

570035-02-427062 
1 525745-02-404472 
1 486855-02-383498 

7 500000 2 
2 483388 2 
2 467066  2 

600000  1 60C000  1 120000-02 000000 
600000  1 700000  1 130000-02 120000 

622336-02-444207 
1 576599-02-422768 

2 500000  2 
2 485524  2 

700000  1 700000  1 140000-02 000000 670436-02-459083  2 500000 
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PROP  TF-033  GROUND SHOCK  STUDIES  CODE 2 

A         BEE KHO UFLT          M          N 

903889 7 233969-C2 150000-03 200000-03 800000  L 100000  2 

H          K CO flETA DELTA     ALPHA 

222000 1 686000  4 214000 5 000000 100000-08 000000 

SIGO      BEGIN ANS B         C 

500000 2-500000 100000 1 216002  5 180001  1 

M          N T X          E       V         SIGMA 

800000 1 800000 1 160000-02 000003 714671-02-472089 2 500000 2 
80000C 1 900000 1 170000-02 120000 1 667976-02-453065 2 488786 2 
800000  1 100000  2 180000-02 240001  1 625610-02-434677  2 477261  2 

900000  1 900000  1 180000-02 000000    755353-02-483527  2 500000  2 
900000  1 100000 2    190000-02 120000  1 708898-02-46569 7  2 490053  2 

100000  2 100000  2 200000-02 000000    792768-02-493640  2 500000 

kk 
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